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Strengthening Teacher Support for Students to Improve Math Learning: 




While recent debates on educational development focus on the learning crisis in primary 
education, the crisis in lower secondary education level is equally profound. Around 58 percent 
of school-age children worldwide enrolled in lower secondary education are not reaching the 
minimum proficiency level in mathematics. One of the approaches to improve student learning is 
a structured pedagogy program that provides schools with teaching and learning materials and 
other related interventions. The impact of teaching and learning materials on student learning 
depends upon the support of teachers for students. This study investigates the impact of additional 
components in a structured pedagogy program that tried to strengthen support of teachers to 
improve student math learning at the lower secondary level in El Salvador through a randomized 
controlled trial. The study tracked the same students for two years. While the average one-year 
impact of the additional component is estimated at around 0.18 standard deviations of test scores, 
the impact did not persist when the difference of interventions between the treatment and control 
groups disappeared in the second year of this research. Furthermore, a causal mediation analysis 
is conducted to investigate the possible causal path of the additional interventions on student math 
learning. 
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Approximately 617 million primary and lower secondary school-age children worldwide are not 
reaching the minimum proficiency levels in reading and mathematics (UNESCO 2017). While 
recent debates on educational development focus on the learning crisis in primary education, the 
crisis in lower secondary education level is equally profound. The current status is far from the 
Sustainable Development Goals (SDGs) target of achieving at least minimum proficiency levels 
in reading and mathematics. Around 58 percent of school-age children are either finishing lower 
secondary education without acquiring the minimum proficiency or are out-of-school, and most 
of them are in low- or lower-middle-income countries (UNESCO 2017).  
In Latin America, while enrollment in lower secondary education has expanded since the 
2000s, the quality has stagnated over the years. Mathematics is a foundation of science, 
engineering, and technology, which are key drivers for a country’s socio-economic development. 
Around a half of children at primary and lower secondary school-age are not mastering minimum 
proficiency level of mathematics in the region (UNESCO 2017). For example, results from a 
regional standardized assessment called Third Regional Comparative and Explanatory Study 
(TERCE) rank students in Chile highly (UNESCO, 2015); however, the country is below average 
among the participating countries in an international standardized assessment, the Trends in 
International Mathematics and Science Study (TIMSS) (Mullis et al. 2016). Through cross-
country study, Hanushek and Woessman (2012) demonstrated that the low level in educational 
achievement was a source of poor growth performance in Latin America.  
A recent systematic review of evidence in education suggests that a structured pedagogy program 
that provides teaching and learning materials and the other different types of interventions is an 
effective approach to improve student learning (Snilsveit et al. 2016). To address several 
challenges such as inadequately trained teachers and a lack of appropriate materials, curricula, 
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and instructional approaches for improving learning, the structured pedagogy program includes 
different types of components like teacher training and lesson observations by school principals. 
Since little is known about the the effective combination of different components in the program, 
there is potential to further improve the effectiveness by integrating additional components that 
facilitate teachers to strengthen their support for students. One of the potential components is the 
assessment of student learning. In Argentina, diagnostic feedback of student test results for school 
principals and teachers improved student learning in mathematics and reading at lower secondary 
level. The feedback helped school principals manage the school to improve student learning, and 
teachers change their teaching practices in classrooms (de Hoyos et al. 2019). Another potential 
is strengthening study at home. While the quality of instruction in classrooms matters, study at 
home is also important for students to master what they have learned at school. Homework 
assignments are a traditional tool to enhance student learning at home (Cooper et al. 2006). 
However, simply including such components in a program might not work as intended, since there 
would be complementarities among different inputs in a package of interventions (Kerwin and 
Thornton 2020).  
This experiment in El Salvador intends to bridge the gap in understanding surrounding 
the combination of different components in a structured pedagogy program. To improve student 
math achievement, the ministry of education implemented a project called “Project for the 
Improvement of Mathematics Teaching in Primary and Secondary Education” (hereinafter 
‘ESMATE project’) with technical cooperation by Japan International Cooperation Agency 
(JICA). The ESMATE project developed a set of teaching and learning materials, i.e., teachers’ 
guides, textbooks (hereinafter ESMATE textbooks) and workbooks,1 then combined the provision 
                                            
1 Textbooks, workbooks and teachers’ guidebooks developed by the project are posted at the following 
website of the Ministry of Education, Science and Technology in El Salvador.  
https://www.mined.gob.sv/materiales-educativos/item/1014902-esmate.html Appendix 1 of Maruyama 
and Kurosaki (2021) explains the page structure of textbook, and the relation among the different teaching 
and learning materials. 
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of the materials with the other types of interventions as a structured pedagogy program 
(hereinafter referred “ESMATE program”). While the ministry of education scaled up the 
ESMATE program nationwide for grades 7 through 9 (the lower secondary education level2), the 
ministry could not cover several parts of the program, including the distribution of student math 
workbook and diagnostic math test, because of the budget constraints. This study investigates the 
impact of the additional components in the ESMATE program on student math learning using a 
randomized controlled trial, and examine the mechanism by the causal mediation analysis.3 The 
surveys tracked the same students for two years. During the first year, schools in the treatment 
group received the complete ESMATE program including the distribution of student math 
workbooks and diagnostic math tests, while a package of interventions that excluded these 
components was given to the control group. During the second year, there were no differences in 
the intervention between the two groups. Both groups received the ESMATE textbooks, teachers’ 
guidebooks, and student math workbook.  
This study makes three main contributions to the literature. First, this study examines the 
mechanism of the additional components in the structured pedagogy program through a review 
of the process data and a causal mediation analysis employing a method of Imai et al. (2010). The 
average causal mediation effect is the treatment effect that operates through a particular channel 
of a causal path. When there are several components in an intervention for the treatment group, it 
is hard to capture which component worked better through simple comparison with the control 
groups. But we can explore the mechanism using causal mediation analysis. In accordance with 
the additional components provided for the treatment group in year 1, the analysis takes three 
                                            
2 In El Salvador, the primary and lower secondary education (grades 1 through 9) are compulsory. 
3 The randomized controlled trial was conducted under an agreement between the Ministry of Education 
in El Salvador and JICA on June and October 2018. The survey and database construction were done by 
Koei Research & Consulting Inc., under a contract with JICA, in collaboration with the Ministry of 
Education in El Salvador. Hitotsubashi University Research Ethics Examination Committee reviewed the 
research plan. All the data used for this paper is provided by JICA. 
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possible mediators: students’ time engaged in math learning in a lesson (called “student engaged 
time”); the frequency of homework assignments; and the provision of additional math class when 
the curriculum was delayed. Among the three mediators, only the average causal mediation effect 
of the provision of additional math class is positive and statistically significant.  
Second, this study analyzes the heterogeneity of the impacts of the first-year impact with 
respect to student household economic status. In El Salvador, economic inequality is historically 
high. The Gini index was 54.5 in 1998 and gradually decreased with the modest economic growth 
of the country, reaching 38.6 in 2018 (World Bank 2021). Survey data of this study confirms that 
student math baseline test scores positively correlate with the household economic status. Based 
upon the baseline data on different types of student household asset, a composite index that 
represents the student household economic status by the principal component analysis was 
constructed. Even after controlling the heterogeneous impact by the baseline score level, the 
impact of additional components in the ESMATE program was smaller for students with higher 
household economic status.  
Third, this study evaluates the accumulated impact of the first-year intervention on 
student math learning in the following year. Since students continue learning for years, it is critical 
to see whether students can advance their learning after receiving the intervention. This study 
tracked the same students for two years. In 2019, both groups received the same interventions by 
the ministry. The ministry continuously provided a set of math textbooks, teacher’s guidebooks, 
and student workbooks. In year 1, the additional components in the ESMATE program improved 
student math learning by 0.18 standard deviations of test scores. Students in the treatment group 
responded correctly to the test items such as simple operation with positive and negative numbers, 
and direct and inverse proportions than the control group. But the average accumulated impact in 
the following year is estimated at nearly zero and not statistically significant. The gains in year 1 
were not sufficient to yield an accumulated impact on math learning in year 2. 
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The remainder of this paper is organized into the following five sections. Section 2 
describes the experimentation design and the contents of the ESMATE program. Section 3 reports 
the impacts of the additional components in the ESMATE program on student math learning. 
Section 4 investigates the mechanism of the additional components by the causal mediation 
analysis, and report the results. Then, section 5 discusses the findings, and section 6 concludes. 
 
2. Experimentation design 
(1) Contents of the ESMATE program 
In 2018, the schools in the control group received a package of interventions to improve student 
math learning. The primary component of the package was a distribution of ESMATE textbooks 
and teachers’ guidebooks. The ESMATE textbooks were designed to help students learn math 
through solving math problems. Each page of the textbooks includes the following four steps: (1) 
show the topic of the lesson; (2) pose example problems; (3) explain the general principle; and 
(4) provide exercises. Teachers organize a daily math lesson following the four steps. The package 
included the other components, namely, introductory training on the textbook for teachers and 
school principals, and mutual review meetings among teachers to improve teaching with the 
ESMATE textbook. Additionally, introductory training for the representatives of the parent 
association was also provided to strengthen family support for study at home. 
For the treatment group, the ESMATE project additionally provided supplementary 
interventions to the abovementioned package, composed of the distribution of workbooks, 
development of annual math teaching plan at the introductory teacher training, initial on-site 
advice on lesson observations for school principals, and the distribution of math tests and mutual 
review meetings among teachers using the test results. The contents of the math workbook 
correspond to the ESMATE textbook. With the workbook, students can practice math problems 
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that they learned in class. The annual teaching plan was a simple format for teachers to complete 
indicating which page in the ESMATE textbook will be taught on which date. Initial on-site advice 
on lesson observations for school principals aimed at improving the feedback for teachers being 
observed. Math tests were distributed to help teachers assess student math understanding. At the 
mutual review meetings of teachers organized inter-semesters, teachers review and discuss 
student test results with colleagues.  
In January 2018, at the beginning of the school year, the ESMATE textbooks and teachers’ 
guidebooks were distributed in the treatment group by the project. On the other hand, the 
distribution for the control group was delayed for roughly one month, because of a delay in the 
public procurement process by the ministry. In the control group, the schedule of introductory 
trainings for teachers, school principals, and representative of parents were also postponed for 
approximately one month in accordance with the delay of textbook distribution. In 2019 (year 2 
of this research), the ministry provided a set of the teaching and learning materials including 
workbooks for both groups, and organized mutual review meeting of teachers.4  
 
(2) Assessment of math learning  
To assess their math learning, students completed written tests in all three rounds of surveys.5 
Survey teams administered the tests without the presence of teachers in the class room. To account 
for the progress following the curriculum, the test items differ across the three tests. The test items 
at the baseline survey were from math content in the primary education. The test items at the end-
line were from math content in grade 7. The number of test items at the baseline and end-line 
surveys was respectively twenty in total, which included the problems posed in texts. The test 
                                            
4 The ESMATE project was finished at the end of June 2019. The ministry integrated the activities of the 
project into the plan and allocated necessary budget to continue the activities. 
5 The baseline survey was organized in January-March 2018, the end-line survey in September-October 
2018, and the follow-up survey in September-October 2019. 
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items at the follow-up survey were mainly from math content in grade 8. The test at the follow-
up survey was composed of 25 different items, of which five were the same from the end-line 
survey. The written test at each round of the surveys included the items to measure math learning 
by the cognitive skills (knowing, applying, and reasoning) and by the cognitive domains (number 
and operation, function, and geometry). The composition of test items is presented in Tables A-1 
to A-3 in Appendix A.  
 The baseline test results demonstrate that the grade 7 students did not master the 
foundations of math including the basic four operations. For example, only 42 percent of the 
students were able to correctly answer the item “43 – 17”. Responding to the item “2×2×2”, 34 
percent of students confused multiplication with addition, answering “6”. On the division item 
“612÷102,” half of the students did not write any response. 
 Through student interviews, the baseline survey collected information on different types 
of student household assets. A composite index of the different types of household assets was 
computed using the principal component analysis. The first principal component accounts for 
around 25 percent of the overall variance of the variables on different types of household assets, 
and all their loading coefficients are positive. Therefore, the first principal component was taken 
as the index of student household economic status. According to the first principal component, 
whole samples of students were divided into one of the three levels: lower; medium; and higher 
household economic status. The details of the principal component analysis are presented in 
Appendix B. As shown in Figure 1-1, student baseline test scores modestly correlate with 
household economic status. The follow-up survey additionally collected the information on 
parents’ educational backgrounds through student interviews. Mothers’ educational attainment 
positively correlates with household economic status (Figure 1-2), and mothers with higher 




Figure 1-1: Boxplots of the baseline test scores by the student household economic status 
 
Note: Data source is the baseline survey of this research. N. of students in the lower household 
economic status is 534 (treatment group) and 488 (control group). N. of students in the medium 
household economic status is 1,317 (treatment group) and 1,279 (control group). N. of students in 
the higher household economic status is 472 (treatment group) and 437 (control group). 
 
Figure 1-2: Student household economic status by mother’s educational record 
Educational level of mother 
 
Note: Data source is the baseline and follow-up surveys of this research. Educational level of mother: (A) 
never go to school or primary (N.=583); (B) lower secondary (N.=843); (C) upper secondary or university 
(N.=861). The educational level of mother was surveyed through student interview at the follow-up survey. 












Figure 1-3: Frequency of family support for study at home in a week  
by mother’s educational record 
 
Note: Data source is the baseline and follow-up surveys of this research. Educational level of 
mother: (A) never go to school or primary (N. =583); (B) lower secondary (N.=843); (C) upper 
secondary or university (N.=861). The educational level of mother was surveyed through student 
interview at the follow-up survey. 
  
(3) Sampling 
This research originally targeted both the primary and lower secondary education levels, focusing 
on 2nd grade in primary education and 7th grade in lower secondary education. Considering the 
difference in the content of interventions and the educational level, this paper focuses on lower 
secondary education. Among 14 departments, Cabañas, La Union, San Miguel and San Vicente, 
situated in the central and eastern parts of the country, were selected. The educational outcomes 
such as enrollment and drop-out rates in those four departments are close to or below the national 






Table 1: Educational statistics in the four departments 
 National 
Average 
Cabañas La Union San Miguel San Vicente 
Primary net enrollment rate 
(2015) 
86.2% 89.0% 81.2% 85.7% 85.7% 
Primary repetition rate (2014) 5.8% 6.7% 5.5% 5.4% 7.7% 
Primary drop-out rate (2014) 6.4% 9.8% 8.5% 6.7% 7.7% 
Secondary net enrollment rate 
(2015) 
37.9% 25.4% 25.9% 35.5% 38.5% 
Secondary repetition rate (2014) 4.9% 3.7% 4.9% 4.2% 4.3% 
Secondary drop-out rate (2014) 8.5% 12.4% 11.5% 7.1% 8.0% 
Source: The Ministry of Education in El Salvador 
 
Public schools in the country are called “basic education public schools” and can include 
preschool, primary, and lower and upper secondary levels according to the local educational needs. 
Within the four departments, there were 612 basic education public schools offering lower 
secondary education. Since this research targets both primary and lower secondary education 
levels, 6 schools that did not have the primary education level were excluded. The country suffers 
from security problems due to the presence of gang members inherited from past civil conflicts. 
Intentional homicides per 100,000 were 61.8 in 2017 (World Bank 2021), the highest rate in the 
world. The schools were also affected by activities of gang members (USAID 2017). The schools 
located in an area severely affected by such activities, and those that were physically difficult to 
access were excluded from the sampling frame. Outside our experimental design, the Millennium 
Challenge Corporation (MCC) planned to distribute the ESMATE textbooks in 2018. The schools 
targeted by MCC were also excluded from our evaluation framework. As a result, the sampling 
frame was comprised of 369 basic education public schools. Of these, 250 basic education public 
schools were randomly sampled, with half randomly assigned to the treatment group and the other 
half to the control group (Table 2-1). Stratification variables in the randomization are department 
and urban status. If there were several classes of the targeted grades in the sampled school, one 
class was randomly selected. In the baseline survey, seven schools in the treatment group and four 
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schools in the control group were excluded due to security reasons (Koei Research & Consulting 
Inc. 2018).6 In addition to these eleven schools, there were no enrolled students in grade 7 at two 
schools in the control group.  
 Based on the educational census data collected by the ministry of education in the 
country, the characteristics of 612 basic education public schools in the four departments is 
compared to the sampling frame (Table 2-2). Because data from some schools are not included in 
the educational census survey data, the number of schools in Column (A) to (C) in Table 2-2 does 
not exactly match with that in Table 2-1. As shown in Table 2-2, the sampling frame represents 
well the original 612 basic education public schools in the four departments. The characteristics 
of the original sample of 250 schools and the remaining 237 schools after attrition of 13 schools 
were also equivalent between the two groups. 
 
Table 2-1: Sampling frame of schools in the four departments 
 Cabañas La Union San 
Miguel 
San Vicente Total 
(A) N. of public schools 
(lower secondary) 
105 146 248 113 612 
(B) Schools with both cycle 1 
and cycle 3 in (A) 
104 144 247 111 606 
(C-1) Schools without difficulty 
in access or security in (B) 
64 68 164 105 401 
(C-2) Schools not targeted by 
the MCC program (Sampling 
frame) 
64 49 151 105 369 
(D-1) Sampled schools (Treatment) 22 16 51 36 125 
(D-2) Sampled schools (Control) 21 17 51 36 125 
Source: Author. 
 
                                            
6 At the end-line survey, three schools in the control group were additionally excluded because of 
security reasons (Koei Research & Consulting Inc., 2019). In the other two schools, the number of 7th 




Table 2-2: Comparison of characteristics of schools in four departments (Cabanas, La Union, San Miguel, San Vicente) 
 
Content Public schools Public schools with Sampling Sample (D) Surveyed P-value 
 with cycle 3 (A) cycle 1 & 3 (B) frame (C)  schools (E) (D)=(E) 
       
Percentage of N. of schools in urban area 25.7 25.0 29.4 29.2 30.5 0.75 
Average N. of students (grade 7) (both shifts) 26.7 26.9 28.6 29.5 30.0 0.88 
Average N. of total students (grade 1 to 9) (both shifts) 214.6 216.4 227.7 233.7 237.3 0.88 
Percentage of Male students in grade 7 51.6 51.6 51.5 50.7 50.8 0.95 
Percentage of grade 7 students in morning shift 52.0 52.0 53.8 55.4 55.7 0.92 
Percentage of grade 7 students repeated 4.5 4.4 4.4 4.5 4.6 0.91 
Average age of grade 7 students 14.1 14.1 14.2 13.9 13.9 0.96 
School infrastructure: Electricity 99.0 99.0 98.9 98.8 98.7 0.96 
School infrastructure: Water 82.7 82.5 82.9 83.6 84.1 0.88 
School infrastructure: Computer 77.4 77.2 80.7 80.0 80.3 0.93 
School infrastructure: Internet 37.8 37.4 40.0 41.2 41.8 0.89 
School infrastructure: Library 23.4 23.0 24.2 24.0 24.7 0.86 
School infrastructure: Laboratory 9.2 8.6 9.2 9.6 9.6 0.99 
School infrastructure: Kitchen 78.7 79.0 78.3 80.0 79.5 0.89 
N. of schools 611 605 368 250 239  
N. of schools (which have grade 7) 606 601 366 248 237  
Note: 10% significance: *, 5% significance: **, 1% significance: ***. 
(1) Data source is educational census survey data in El Salvador. Because the data of some schools are not available in the census survey data, the numbers of schools 
in Column (A) to (C) in this table do not exactly match with those in Table 2-1. (2) Values on school facilities are binary (Yes:1, No:0). (3) The p-values on number of 
students, percentage of students in morning shift, and percentage of students who repeated 2nd grade are the results of Wilcoxon rank sum test with stratified data 




The student, teacher, and school characteristics of the remaining 237 schools are 
presented in Tables 3-1 to 3-3. The percentage of teachers who finished teacher training courses 
in the control group was higher than the treatment group by 10 percentage points (Table 3-2). The 
percentage of teachers teaching subjects other than mathematics was larger in in the treatment 
group than the control group by 9 percentage points (Table 3-2). In terms of the school 
characteristics, the number of 7th grade students in the treatment group is larger than the control 
group by 9 students (Table 3-3).7 All the differences are statistically significant at the 10 percent 
level. While those several differences are noted in teacher and school characteristics, the overall 
characteristics of treatment and the control groups are well balanced, indicating successful 
randomization. 
 
                                            
7 The difference in the number of 7th grade students is a result of the number of classes of 7th grade in 
the sampled schools. Class size of the sampled class is equivalent between the treatment group (average: 
24 students) and the control group (average 23 students).  
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Table 3-1: Comparison of characteristics of students (baseline survey) 








Morning Shift (%) 58.30 63.29 -4.99 -3.92 5.39 0.46 
Age 13.03 12.98 0.05 0.05 0.06 0.46 
Sex (Male) (%) 48.80 50.09 -1.30 -1.47 1.78 0.40 
N. elder brother/sister 1.76 1.79 -0.03 -0.03 0.08 0.66 
N. younger brother/sister 1.13 1.11 0.02 0.02 0.04 0.70 
Raw test score (Total points: 20) 6.58 6.63 -0.04 0.00 0.23 0.98 
 Standard deviations of raw test scores 3.55 3.57     
Asset of study       
Math textbook 2017 (%) 25.74 26.59 -0.85 -0.74 3.76 0.84 
Math notebook 2017 (%) 90.40 87.70 2.70 2.18 2.58 0.39 
Notebook only for Math 2017 (%) 89.24 85.57 3.67 3.18 2.76 0.25 
Study desk at home (%) 95.01 95.37 7.12 -0.31 0.70 0.65 
Asset of student household       
Smartphone (%) 86.48 85.39 1.09 0.89 1.64 0.58 
Computer (%) 29.79 29.54 0.25 0.39 2.28 0.86 
Refrigerator (%) 85.36 84.21 1.15 1.30 1.55 0.40 
Car (%) 30.22 29.85 0.36 0.54 2.15 0.80 
TV (%) 93.37 93.74 -0.37 -0.37 1.00 0.71 
Tap water (%) 77.18 80.22 -3.03 -2.82 2.78 0.31 
Electricity (%) 96.43 96.19 0.24 0.31 0.80 0.69 
Flush Toilet (%) 52.35 55.63 -3.28 -2.86 2.79 0.30 
Using wood for cooking (%) 61.08 62.43 -1.35 -1.22 3.19 0.70 
Using gas for cooking (%) 91.78 92.42 -0.64 -0.63 1.17 0.58 
Using electricity for cooking (%) 5.38 7.12 -1.74 -2.05 1.52 0.17 
N. of schools 118 119     
N. of students 2324 2191     
Note: 
(1) Data source is the baseline survey of this research. Adjusted mean difference in this table is obtained 
by regressing the value of each characteristics on treatment assignment dummy with controlling 
stratification variables (department and urban/rural dummies, and the interactions). Robust standard errors 
are clustered at school level. (2) Binary values are Textbook/Notebook (Yes:1, No:0), and Asset of Study 










Table 3-2: Comparison of characteristics of teachers (baseline survey) 
Content Treatment Control Mean Diff. P-value 
Sex 0.53 0.55 -0.03 0.65 
Age 39.34 39.94 -0.60 0.75 
Total teaching period (years) 15.63 16.26 0.63 0.72 
Academic Degree     
High school 0.03 0.02 0.01 0.64 
Professorate 0.60 0.65 -0.05 0.47 
Bachelor 0.35 0.32 0.03 0.65 
Master 0.03 0.01 0.02 0.61 
Doctor 0.00 0.00 0.00 0.95 
Teacher qualification (1)     
Pedagogical Bachelor 0.03 0.03 0.00 0.99 
Professor 0.75 0.85 -0.09 * 0.07 
License in Education 0.19 0.14 0.04 0.37 
Master’s in Education 0.02 0.01 0.01 0.99 
Doctorate in Education 0.00 0.00 0.00 0.95 
Pedagogical Training Course 0.08 0.04 0.04 0.18 
Teacher qualification (2)     
Basic Education Teacher (Cycle I and II) 0.15 0.15 0.00 0.98 
Mathematics Specialty Teacher (Cycle III and High School) 0.60 0.59 0.01 0.83 











Teacher’s desk 0.98 0.97 0.02 0.42 
Teacher’s chair 0.91 0.88 0.02 0.54 
File cabinet / shelves 0.64 0.60 0.04 0.54 
Working condition 









Only morning shift 0.42 0.50 -0.07 0.27 
Only afternoon shift 0.52 0.45 0.07 0.27 
Both shifts 0.06 0.06 0.00 0.99 
N. of schools 118 119   
Note:     
(1) Data source is the baseline survey of this research. 10% significance: *. (2) Values on class facilities 
are binary (Yes:1, No:0). (3) The p-values on age and total teaching period (years) is the result of 
Wilcoxon rank sum test with stratified data (department dummy, urban/rural dummy). (4) The p-values 
on binary values show the results of chi-squares test with stratified data (department dummy, urban/rural 




Table 3-3: Comparison of characteristics of schools (baseline survey) 
Content Treatment Control Mean Diff. P-value 
Number of students     
N. of Student (7th grade) Morning Shift 39.75 30.58 9.17 * 0.06 
N. of Student (7th grade) Afternoon Shift 20.87 20.65 0.22 0.91 
N. of Student (Total) 257.59 238.83 18.76 0.99 
Repetition and dropout rate     
Repetition rate (morning shift of 7th grade in 2017) 0.04 0.04 0.01 0.85 
Repetition rate (afternoon shift of 7th grade in 2017) 0.04 0.05 -0.01 0.70 
Dropout rate (morning shift of 7th grade in 2017) 0.09 0.09 0.00 0.66 
Dropout rate (afternoon shift of 7th grade in 2017) 0.11 0.10 0.01 0.89 
N. of teachers     
N. of vice school principal 1.10 1.14 -0.04 0.68 
N. of teachers 10.59 10.19 0.40 0.61 
School facility     
Electricity 1.00 1.00 0.00 0.95 
Drinking Water 0.80 0.87 -0.07 0.16 
Computer 0.95 0.93 0.02 0.59 
Internet 0.43 0.48 -0.05 0.47 
Internet use for students 0.67 0.70 -0.04 0.69 
Library 0.25 0.25 0.00 0.97 
Laboratory 0.12 0.07 0.05 0.17 
Kitchen 0.78 0.81 -0.03 0.61 











Supplementary class (math) 0.23 0.16 0.07 0.18 
Donor support within 5 years (except ESMATE) 0.92 0.94 -0.03 0.44 
N. of schools 118 119   
Note: 
(1) Data source is the baseline survey of this research.10% significance: *. (2) Values on school 
facilities are binary (Yes:1, No:0). (3) The p-values on number of students are the results of Wilcoxon 
rank sum test with stratified data (department dummy, urban/rural dummy). (4) The p-values on binary 





(4) Balance check of baseline scores 
Because of logistical reasons, it was not possible to conduct the baseline survey before any 
component of the intervention package started. The baseline survey was started in mid-January 
2018, just after the intervention in the treatment group began, and finished on March 1, 2018. The 
surveys of the treatment and control schools were conducted in parallel.  
Density curves of the baseline scores are presented in Figure 2. The balance of baseline 




where Yijk0 represents the math test baseline score for student i in school j. Test scores are 
standardized by the mean and standard deviations of the scores of students in the control group. 
Treatment is the treatment assignment. Dj is a vector of strata fixed effects constructed by 
department and urban status of school j. Robust standard errors are clustered at the school level. 
As presented in Table 4, δ0 is nearly zero and not statistically significant, which indicates that the 
baseline scores are well balanced. All test items at the baseline survey were from the contents of 
primary education. Since the 7th grade ESMATE textbook does not include a review section of 
content learned in primary education and starts from new math content, it is plausible to think that 
the distribution of ESMATE textbooks at the beginning of the school year did not have an impact 






Figure 2: Density curves of the baseline test scores (standardized scores) 
Note: Data source is the baseline survey of this research. 
 




Strata fixed effects Yes 
Adj. R2 0.036 
Num. obs. 4,515 
N. Clusters 237 
 Note:  
(1) Data source is the baseline survey of this research. 
(2) Robust standard errors are clustered at the school level, and are in parentheses. 
(3) The dependent variable is the standardized scores of the baseline test. Baseline test scores 
are standardized by the mean and standard deviations of baseline scores of the control group. 
(4) Strata fixed effects are constructed by department and urban status. 
 
(5) Student attrition 
The same students were tracked through three rounds of surveys for two years. Among 4,515 
students who were present at the baseline survey, 894 were absent at the end-line survey, and 
1,370 were absent at the follow-up survey. The attrition rate was 19.4 percent at the end-line 
survey and 29.1 percent at the follow-up survey in the treatment group. In the control group, the 
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attrition rate was 20.3 percent at the end-line survey, and 31.6 percent at the follow-up survey. 
The major reasons behind the attrition were students moving to the other schools or dropping out. 
At the end-line survey, 11 percent of students in the treatment group and 9 percent in the control 
group moved to another school or dropped out. In the following year, 12 percent in the treatment 
group and 11 percent in the control group moved to another school or dropped out.  
To check whether differential attrition occurred between the two groups, the student 
attrition dummy is regressed on the treatment assignment, student characteristics (baseline), and 
strata fixed effects constructed by department and urban status. The results are shown in Table C 
in Appendix C. The attrition was not differential between the two groups. The attrition occurred 
more among boys, students with lower baseline scores, and older students. There was also higher 
student attrition among those who have more younger siblings. 
Grade 7 students who repeated the same grade in year 2 of this research remained in the 
sample and were assigned the same math test taken by the grade 8 students. In the follow-up 
survey data, 1.9 percent of students in the treatment group and 2.3 percent of students in the 
control group repeated 7th grade. 
 
3. Impacts on student math learning 
(1) Estimation strategy 
The impacts of the additional components in the ESMATE program on student math learning in 
year 1 and year 2 are estimated using following equation. 
 




In equation (2), Yijr represents the math test score for student i in school j at round r of 
the survey (r=0: baseline, r=1: end-line (year 1), and r=2: follow-up (year 2)). Test scores are 
standardized by the mean and standard deviations of test scores of students in the control group 
at each round of the survey. Sub-totals of test scores by the cognitive skills and cognitive domains 
are also used. Cij is a vector of characteristics of student i at school j such as age, gender, shift at 
school (morning or afternoon), and the number of brothers and sisters, and characteristics of the 
family of student i such as the number of household asset types at the baseline. Pmj0 is a vector of 
characteristics of teacher k at school j, who teaches mathematics to student i in the year 1, such 
as age, gender, and educational qualification at the baseline. Sj is a vector of characteristics of 
school j such as the number of students, school infrastructure and school meal, and characteristics 
of the school principal. Dj is a vector of strata fixed effects constructed by department and urban 
status of school j. Robust standard errors are clustered at the school level. 
Equation (2) is not estimated using three-period panel data, but instead using either cross-
section data composed of the control variables of r=0 and the dependent variable of r=1 for 
identifying the treatment effect in year 1, or cross-section data composed of the control variables 
of r=0 and the dependent variable of r=2 for identifying the accumulated treatment effect of year 
1 in the following year. Both cross-section data are constructed from the balanced panel data 
either of r=0 and r=1 or r=0 and r=2. Then, the parameter δr in equation (2) is a scalar, not a vector 
of parameters.  
To analyze the heterogeneous impacts by the baseline scores and the student household 
economic status, equation (2) is expanded by adding the interaction term of the baseline score or 
student household economic status index levels and the treatment assignment as 
 




In equation (3), Xij0 stands for either a vector of the baseline scores or student household 
economic status level dummies (lower, medium, or higher status).  
 
(2) The one-year impact of the additional components in the ESMATE program 
The regression results from equation (2) applied to the cross-section data composed of the 
independent variables of r=0 and dependent variable of r=1 are shown in Table 5-1. A portion of 
the teachers in charge of math class at the time of the baseline survey were changed during the 
2018 school year. Thus, the teacher characteristics at the beginning and the end of school year 
were controlled respectively. The average impact of additional components in the ESMATE 
program is estimated at 0.18 standard deviations of test scores, which is statistically significant at 
the 1 percent level (Column (3) and (4) in Table 5-1).8 Density curves of the end-line test scores 









                                            
8 I conducted the cost-effective analysis, following the methodology presented by J-PAL (Bhula, R. et al. 
2020; Dhaliwal et al. 2014). The cost-effectiveness is measured as the ratio of the aggregated impact of 
the project (the average impact on student learning per student multiplied by the number of students 
impacted) to the aggregated cost of implementing the project. The cost-effectiveness is presented as the 
total standard deviations gained across the sample per 100 USD spent. The cost-effectiveness of the 
additional interventions of the ESMATE program, the total standard deviations gained across the sample 
per 100 USD spent, is estimated to be 2.80. The level of cost-effectiveness of the additional interventions 
in the ESMATE program is comparable to the other programs cited in Kremer et al. (2013). 
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Table 5-1: Average one-year impact of the additional components in the ESMATE program 
 (1) (2) (3) (4) 
Treatment 0.164** 0.165*** 0.184*** 0.183*** 
 







  (0.022) (0.021) (0.021) 
Strata fixed effects Yes Yes Yes Yes 
Student characteristics No No Yes Yes 
School characteristics No No Yes Yes 
Teacher characteristics (baseline) No No Yes No 
Teacher characteristics (end-line) No No No Yes 
Adj. R2 0.030 0.281 0.330 0.332 
Num. obs. 3,621 3,621 3,619 3,619 
N. Clusters 232 232 232 232 
**p < 0.05; *p < 0.1 
(1) Data source are the baseline and end-line surveys of this research.  
(2) Robust standard errors are clustered at the school level, and are in parenthesis. 
(3) Student test scores are standardized by the mean and standard deviations of test scores in the control 
group at each round of survey. 
(4) Strata fixed effects are constructed by department and urban status. 
 
Figure 3: Density curves of the end-line test scores (standardized scores) 
Note: Data source is the end-line surveys of this research. 
 
The impacts across the cognitive domains and cognitive skills are estimated. While the 
impacts in the domains of “number and operation” and “function” are positive and statistically 
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significant, the impact in the domain of geometry is not statistically significant (Table 5-2). In the 
former two domains, students in the treatment group correctly responded to the items such as 
simple operations with positive and negative numbers, and direct and inverse proportions than the 
control group.  
Looking at the cognitive skills, while the impact on the knowing skill is statistically 
significant, the impact on the applying and reasoning skills is not. For example, the item on the 
knowing skill (No. 14 in the end-line test) asked students to fill a blank in a table that shows the 
relation between the number of units and the total price given the unit price (correct response rate: 
49 percent in the treatment group and 40.8 percent in the control group). On the other hand, for 
the item (No. 16 in the end-line test) on the applying skill, which showed a simple graph of the 
linear function and asked students the slope coefficient, there was no a difference in the correct 
response rates (correct response rate: 5 percent in the treatment group and 3.9 percent in the 
control group).  
 
Table 5-2: Average one-year impact of the additional components in the ESMATE program 














Treatment 0.169*** 0.182*** 0.079 0.187*** 0.065 
 (0.057) (0.054) (0.063) (0.055) (0.059) 
Z score baseline 0.426*** 0.332*** 0.263*** 0.464*** 0.275*** 
 (0.020) (0.019) (0.022) (0.020) (0.022) 
Adj. R2 0.282 0.187 0.129 0.326 0.132 
Num. obs. 3,619 3,619 3,619 3,619 3,619 
N. Clusters 232 232 232 232 232 
***p < 0.01 
(1) Data source are the baseline and end-line surveys of this research.  
(2) Robust standard errors are clustered at the school level, and are in parenthesis. 
(3) Student test scores are standardized by the mean and standard deviations of test scores in the control 
group at each round of survey. 
(4) Student, teacher, school characteristics, and strata fixed effects constructed by department and urban 




As noted in the section 2. (1), the distribution of ESMATE textbooks and teachers’ 
guidebooks was delayed by around one month in the control group. While the curriculum covered 
in the 2018 school year was limited in the control group due to the delay, approximately the same 
percentage of schools completed the units No. 1 through 4 in the curriculum.9 The impact of the 
additional components in the ESMATE program are estimated, taking the sub-total of the end-
line test scores corresponding to the unit 1 through 4, for the robustness check. The results are 
shown in Table 5-3. The estimated impacts remain at almost the same level.  
 
Table 5-3: Robustness check of the one-year impact of the additional components in the 
ESMATE program 
 
 (1) (2) (3) (4) 
Treatment 0.131* 0.132** 0.178*** 0.178*** 
 







  (0.022) (0.022) (0.022) 
Strata fixed effects Yes Yes Yes Yes 
Student Characteristics No No Yes Yes 
School Characteristics No No Yes Yes 
Teacher Characteristics (baseline) No No Yes No 
Teacher Characteristics (end-line) No No No Yes 
Adj. R2 0.029 0.185 0.238 0.237 
Num. obs. 3,621 3,621 3,619 3,619 
N. Clusters 232 232 232 232 
***p < 0.01; **p < 0.05; *p < 0.1 
(1) Data source are the baseline and end-line surveys of this research.  
(2) Robust standard errors are clustered at the school level, and are in parenthesis. 
(3) Dependent variable is the sub-total of the end-line test from the item No. 1 through No. 9 that 
corresponds to the unit 1 through 4 in math curriculum. 
(4) Student test scores are standardized by the mean and standard deviations of test scores in the control 
group at each round of the survey. 
 
 
(3) Heterogeneity in the one-year impact of the additional components 
The heterogeneity of the average treatment effect by the baseline scores and the household 
economic status is investigated by applying equations (3). The results are presented in Table 6. 
                                            
9 In both groups, around 90 percent of schools finished the unit No. 1 through 4 among eight units in the 
curriculum at the end-line survey.  
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As shown in Column (1), the net impact for higher economic status is close to zero. Since the 
impacts for students with the lower and median economic status are positive and statistically 
significant, the additional components reduced the disparity in learning outcomes by household 
economic status. On the other hand, the impact of the additional treatment is not heterogeneous 
by the baseline test scores (Column (2) in Table 6).  
 
Table 6: Heterogeneity in the impact of the additional components in the ESMATE program 
 (1) (2) (3) (4) 











 (0.062) (0.058) (0.063) (0.058) 
Treatment × Lower economic status -0.018  -0.017  
 








(0.068)  (0.068)  
-0.041* 
× Student economic status index    (0.021) 
Treatment × Z score baseline  0.000 0.048 0.007 
  (0.041) (0.071) (0.040) 
Treatment × Z score baseline    -0.019 
× Student economic status index    (0.016) 
Lower economic status -0.126*** -0.137*** -0.127***  
 









Student economic status index 




    (0.013) 
Z score baseline 0.478*** 0.477*** 0.474*** 0.473*** 
 (0.021) (0.028) (0.028) (0.028) 
Adj. R2 0.333 0.332 0.333 0.333 
Num. obs. 3,619 3,619 3,619 3,619 
N. Clusters 232 232 232 232 
***p < 0.01; **p < 0.05; *p < 0.1 
(1) Data source are the baseline and end-line surveys of this research.  
(2) Robust standard errors are clustered at the school level, and are in parenthesis. 
(3) Student test scores are standardized by the mean and standard deviations of test scores in the control 
group at each round of survey. 
(4) Student, school, teacher (end-line) characteristics, and strata fixed effects constructed by department 
and urban status are controlled but not shown. 
(5) In the column (1) to (3), according to the student household economic status index, student samples are 
divided to lower; medium; and higher household economic status. The student economic status index is the 




Since the baseline test scores and the household economic status level are correlated with 
each other, both interaction terms are included in equation (3). As shown in Column (3) in Table 
6, the estimated values of heterogeneous impact remain at almost the same level. Then, the triple 
interaction term of the treatment assignment, student household economic status index,10 and 
baseline test scores are added in the equation. The coefficient of the triple interaction term is close 
to zero and not statistically significant. 
 
(4) The accumulated impact of the additional components in the following year 
In year 1, the additional components in the ESMATE program improved student math learning 
by 0.18 standard deviations of test scores. The accumulated impact of the first-year intervention 
is investigated by applying equation (2) to the cross-section data composed of the control 
variables of r=0 and dependent variable of r=2.11 In the introductory training for school principals, 
they were advised to continuously assign the same teacher for two years to the surveyed students. 
Although similar guidance was given to the school principals in the control group, those in the 
treatment group followed the guidance better. The rate of assignment of the same teacher to the 
surveyed students in the treatment group was 85.9 percent in year 2, which was higher than in the 
control group (75.9 percent). Thus, teacher assignment in year 2 correlates with the treatment 
assignment, which can attenuate the estimated impact when simply controlling the teacher 
characteristics in both years. Then the teacher characteristics in year 1 are controlled at first and 
compared the result with the estimated value controlling teacher characteristics in year 2. Both 
                                            
10 Instead of student household economic status levels (lower; medium; and higher), the student 
household economic status index (first principal component from the principal component analysis on the 
different types of household assets) is used. Please refer to Appendix C for the details on the principal 
component analysis. 
11 Several variables of student characteristics are added to the control variables in year 2, such as the school 
shift, the availability of ESMATE textbooks, and whether the student repeated the same grade. 
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estimates are nearly zero and not statistically significant (Column (3) and (4) in Table 7).12 13 
Density curves of the follow-up test scores are presented in Figure 4. 
  
Table 7: Accumulated impact of the first-year intervention (the additional components in the 
ESMATE program) in the following year 
 
 (1) (2) (3) (4) 
Treatment 0.037 0.054 0.017 0.024 
 







  (0.021) (0.022) (0.021) 
Strata fixed effects Yes Yes Yes Yes 
Student characteristics No No Yes Yes 
Teacher characteristics (2018) No No Yes No 
Teacher characteristics (2019) No No No Yes 
School characteristics No No Yes Yes 
Adj. R2 0.020 0.237 0.294 0.292 
Num. obs. 3,143 3,143 3,117 3,117 
N. Clusters 229 229 228 228 
 
***p < 0.01 
(1) Data source are the baseline, end-line and follow-up surveys of this research.  
(2) Robust standard errors are clustered at the school level, and are in parenthesis. 
(3) Student test scores are standardized by the mean and standard deviations of test scores in the control  
 group at each round of survey. 
(4) Student, teacher, and school characteristics, and the strata fixed effects constructed by department and 
urban status are controlled in all the regressions but not shown. 
 
  
                                            
12 As noted in the section 2, the percentage of students who repeated grade 7 in year 2 of this research was 
1.9 percent in the treatment group, and 2.3 percent in the control group. In order to check whether the 
estimated impact was influenced by those who repeated the same grade, the regression analysis is conducted 
with the sub-sample that excluded those students. The results are almost at the same level with Table 7. 
The point estimate is 0.013 (standard error: 0.059; and p-value: 0.823). 
13 For the robustness check of the estimate of accumulated impact, the regression analysis is conducted, 
controlling both teacher characteristics in year 1 and 2. The estimated value remains at the same level (0.024 
standard deviations (standard error: 0.058), which is not statistically significant). 
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Figure 4: Density curves of the follow-up test scores (standardized scores) 
 





 To examine the accumulated impact from different angle, the impact is estimated across 
several categories of math content: (a) content learned in grade 7 (item No. 1 through 5 of the 
math test at the follow-up survey); (b) content learned in grade 8 using knowledge and skills 
introduced in grade 7 (No. 6 through 10 and No. 12 through 15); (c) new content in grade 8 (No. 
17 through 20 and 22 through 25); and (d) applying and reasoning on content learned in the grade 
8 (No. 11, 16 and 21).14 All the estimated values, including the value of the accumulated impact 
on the content learned in grade 7, are nearly zero and not statistically significant.15 
 
                                            
14 The content of math items is described in Table A-3 in Appendix A.  
15 The estimated values of the impact on each category of items are as follows; (a) -0.018 (standard error: 




4. Causal mediation analysis of the first-year intervention 
(1) Intermediate outcomes of the first-year intervention 
In year 1 of this research, the treatment group received the additional interventions in the 
ESMATE program, composed of (a) the distribution of workbooks, (b) an annual math teaching 
plan developed at the introductory teacher training, (c) initial on-site advice for school principals 
in initial lesson observation, and (d) the distribution of math tests and a mutual review meeting 
with the student math test results. As presented in section 3. (1), the additional components 
improved student math learning by 0.18 standard deviations of test scores. This section analyzes 
the mechanism of the additional components in year 1, beginning with a review of the 
intermediate outcomes on the teaching practices. The details of the analysis of intermediate 
outcomes are presented in Appendix D of this paper.  
Since teachers can use math workbooks to assign students homework regularly, the 
distribution of math workbooks would increase the frequency of homework assignment. The 
percentage of teachers who assigned math homework four or more times in a week was larger in 
the treatment group (69.5 percent) than the control group (52.6 percent). On the other hand, 
student study at home with workbooks and the homework checks by teachers were not satisfactory. 
At the follow-up survey, the survey team randomly selected up to 3 students in grade 7 and 
checked their workbooks. As shown in Figure 5, most pages of student workbooks were not 
checked by teachers. The result indicates that teachers did not provide sufficient feedback and 
guidance for students after homework.  
At the beginning of school year, teachers in the treatment group developed an annual 
math teaching plan, which they regularly reviewed during periodical teacher meetings. During 
the inter-semestrial review meeting of teachers, they checked their progress and revised it 
considering the remaining number of lessons in the school year. The process might have facilitated 
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teachers to identify the delay of curriculum and provide additional math class. The percentage of 
teachers who provided additional math class was larger in the treatment group (52.5 percent) than 
the control group (37.7 percent). 
 
 
Figure 5: Spider chart of the status of student self-check and teacher check of workbook 
 (7th grade) 
 
Data source is the follow-up survey of this research. 
 
The survey of this research also conducted math lesson observations at the end-line survey, 
which measured the length of time when students engaged in math learning. Surveyors counted 
the length of time throughout a lesson when half of students in a class either solved a math 
problem, referred to their notebook or textbook, or consulted with each other. The percentage of 
the engaged time in a lesson was slightly longer in the treatment group (22.4 percent) than the 
control group (18.9 percent).  
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The process data on teaching practices indicate several mediators for the improvement of 
student math learning in year 1, i.e., the volume of engaged time in a math lesson, the frequency 
of homework assignments, and the provision of additional math class. The next section discusses 
the average causal mediation effects of those mediators. 
 
(2) Estimation strategy of the causal mediation effect 
Causal mediation analysis employing the method of Imai et al. (2010) and taking the 
abovementioned three possible mediators sheds light on the mechanism underlying the impact on 
student math learning in year 1. Since the treatment group received a set of additional components, 
a simple strategy of using the treatment assignment as an instrument to estimate the impact via 
respective mediator violates the exclusion restriction assumption.  
Following Imai et al. (2010), the conceptual framework of the causal mediation analysis 
is introduced. The mediation effect, λi, for student i can be described as 
 
λi(t)≡Yi(t, Mi(1))− Yi(t, Mi(0)), 
 
where t represents the treatment assignment dummy that takes 0 or 1, and Mi(t) is a 
potential value of mediator. The causal mediation effect λi(t) is a change in Yi due to the change 
in Mi(0) from Mi(1), holding the treatment status of student i constant at t. Then, the direct effect, 
ζi, for student i is defined as 
 
ζi(t)≡Yi(1, Mi(t))− Yi(0, Mi(t)). 
 
The direct effect represents the treatment impact that is not brought via the mediator Mi(t). 
The average treatment impact can be decomposed to the average causal mediation effect and 
average causal direct effect.  
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Imai et al. (2010) introduces the following assumptions, called “Sequential Ignorability 
(SI),” to identify the average causal mediation effect;  
 
SI assumption (1): Yi{(t, m), Mi(t)}⊥Ti |Xi=x, and 
SI assumption (2): Yi(t, m)⊥Mi(t)|Ti=t, Xi=x. 
 
SI assumption (1) indicates that the treatment assignment is independent of the potential 
mediator and potential outcome. The assumption is satisfied in a randomized controlled trial, since 
the treatment assignment Ti is random. On the other hand, SI assumption (2) requires that the 
mediator is independent of the potential outcome, given the individual treatment assignment and 
pre-treatment covariates (Xi). The assumption is strong since it will be violated once there are any 
unobservable pre-treatment covariates or post-treatment covariates that affect both the mediator 
and outcome variable.  
 Under SI assumptions, the average causal mediation effect is estimated using the 
following two equations, 
 
Mij=α1+φ1Yij0+τ1Treatmentj+Cijξc1+ Pkj0ξp1+ Skξs1+ DkξD1+ωij1 (6-1), and 
Yij=α2+τ2Treatmentj+θ2Mij +φ2Yij0+ Pkj0ξp2+ Skξs2+ DkξD2+Cijξc2+ωij2 (6-2). 
 
where Mij is a mediator, i.e., the engaged time in a math lesson; the frequency of math 
homework assignments; and the provision of supplementary math classes. The average causal 
mediation effect is expressed as the product of coefficients ?̂?𝜏1 and 𝜃𝜃�.  
Since the impact of a mediator on an outcome variable might vary between the treatment 
and the control groups, equation (6-2) is expanded by adding the interaction term of the treatment 




Yij=α3+φ3Yij0+τ3Treatmentj+θ3Mij +η3 (Mij*Treatmentj)+ 
+ Pkj0ξp3+ Skξs3+ DkξD3+Cijξc3+ωij3 (6-3). 
 
Then, the heterogeneous causal mediation effect by the treatment group is expressed as 
the product of coefficients ?̂?𝜏1 and (𝜃𝜃�+?̂?𝜂).16  
Since the unobserved pre-treatment confounders of teachers or school principals might 
have affected both mediator and student math learning outcomes, the sensitivity analysis proposed 
by Imai et al. (2010) is conducted to see how the estimates changes when the assumption does 
not hold. When the SI assumptions hold, the error terms (ω) in (6-1) and (6-2) or (6-1) and (6-3) 
will not be correlated. The correlation of the error terms ρ is a parameter, which will be used in 
the sensitivity analysis. A larger value of ρ in the absolute term results in a larger bias in the 
estimation of the average causal mediation effect. 
 
(3) Average causal mediation effects 
The results of causal mediation analysis are presented in Table 8. Among the three mediators 
examined, only the provision of additional math class has a positive average causal mediation 
effect on student math learning. The impact is estimated at 0.029 standard deviations of math test 
scores, statistically significant at the 5 percent level (Column (1)). The average causal mediation 
effect represents 15.8 percent of the total impact. When examining the heterogeneity by the 
treatment and the control groups, while the average causal mediation effect on the control group 
is nearly zero and not statistically significant, the impact on the treatment group is 0.047 standard 
deviations, statistically significant at the 5 percent level.  
 
                                            
16 The R package “mediation” (Tingley et al., 2014) was used to estimate the average causal mediation 
effects. The effects are estimated by quasi-Bayesian Monte Carlo approximation. 
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Table 8: Results of the causal mediation analysis 
 (1) (2) (3) 
Additional math class Frequency of homework Engaged time 
Panel A (OLS)    






Adj. R. square 0.399 0.416 0.370 
    
Panel B (Mediation analysis)    
ACME (average) 0.029** 0.026 -0.010 
 [0.002; 0.060] [-0.009; 0.070] [-0.037; 0.010] 
ADE (average) 0.158*** 0.155** 0.193*** 
 [0.052; 0.260] [0.035; 0.270] [0.079; 0.300] 
Total Effect 0.187*** 0.181*** 0.183*** 
 [0.078; 0.300] [0.066; 0.290] [0.071; 0.290] 
% of impact mediated by ACME 14.6% 13.9% -4.64% 
ACME (Treatment) 0.047** 0.012 -0.013 
 [0.007; 0.100] [-0.040; 0.070] [-0.045; 0.010] 
ADE (Treatment) 0.177*** 0.141** 0.190*** 
 [0.064; 0.290] [0.018; 0.260] [0.074; 0.300] 
% of impact mediated (Treatment) 24.6% 6.44% -6.12% 
ACME (Control) 0.010 0.040* -0.074 
 [-0.030; 0.050] [-0.001; 0.090] [-0.040; 0.020] 
ADE (Control) 0.139** 0.168*** 0.196*** 
 [0.029; 0.250] [0.043; 0.300] [0.083; 0.310] 
% of impact mediated (Control) 4.78% 21.4% -3.16% 
P value on hypothesis of ACME (Treatment) = ACME(Control) 0.159 0.387 0.705 
Num. obs. 3,619 3,619 3,619 
N. Clusters 232 232 232 
Note: (1) Data source are the baseline and end-line of this research. ***p < 0.01; **p < 0.05; *p < 0.1 (2) Mediators analyzed: Provision of additional math class when 
curriculum was delayed; mediator analyzed in 9-2: Frequency of homework assignment; 9-3: Percentage of engaged time in a math lesson. (3) Panel A presents the OLS 
estimates of the treatment impact on the mediators, and Panel B shows the results of causal mediation analysis. (4) Student, teacher, and school characteristics, and the 
strata fixed effects constructed by department and urban status are controlled in all the regressions but not shown. 
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On the other hand, neither the average causal mediation effect through the engaged time 
in math lessons nor the frequency of homework assignments are statistically significant (Column 
(2) and (3)). In terms of the heterogeneity by the status of the treatment assignment, while the 
frequency of homework assignments had a positive average causal mediation effect for the control 
group (0.041 standard deviations, statistically significant at the 10 percent level), the effect is not 
statistically significant in the treatment group. The results indicate that while the homework 
assignment improves student math learning, the math workbook distributed in the treatment group 
did not function as intended.  
 
(4) Sensitivity analysis 
The estimates of the average causal mediation effect in the previous section are under the SI 
assumption that the correlation of error terms in equation (6-1) and (6-2), and that of (6-1) and 
(6-3) is respectively zero. However, unobserved characteristics of teachers might have affected 
both the mediator and student math learning, which could bring a bias in the estimates. Therefore, 
the sensitivity analysis on the estimates of the average causal mediation effect that had a 
statistically significant value is conducted. The results of the sensitivity analysis are presented in 
Figure E-1 and E-2 in Appendix E. The sensitivity parameter is the correlation of error terms, ρ. 
A negative value of the correlation of error terms produces upward bias in the estimate of the 
average causal mediation effect, and a positive value produces downward bias. As shown in the 
figures, the estimates of the average causal mediation effect are sensitive to the changes in the 
correlation. For example, when the value of correlation is 0.10, the average causal mediation 
effect of the provision of additional math classes for the treatment group becomes zero.  
Though the error terms in equation (6-1), (6-2), and (6-3) are not observable, the 
correlation of the residuals from equations (6-1) and (6-2), and those from equations (6-1) and (6-
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3), can be checked. Scatter plots of the residuals are presented in Figure E-3-1 to E-3-6 in 
Appendix E. If the pattern of scatter plots is not random, it suggests that there would be 
confounders that are not captured well in the regression equations above. The correlations 
between the residuals are nearly zero, and the scatter plots in those figures do not show a non-
random pattern.  
Among the three mediators in the causal mediation analysis, one of them could be a post-
treatment confounder that affects both the other mediator and student math learning. The 
correlation between the percentage of engaged time in math lessons and the provision of math 
classes in the treatment group is checked. The increase in engaged time in a math lesson was not 
correlated with the provision of additional math classes (the correlation value: 0.02). On the other 
hand, the provision of math classes and the frequency of math homework assignments were 
weakly correlated in the treatment group (the correlation value: 0.14). Logically, it is plausible to 
think that when additional math class was provided, homework would have been assigned in the 
additional math class, which resulted in the increase in the frequency of homework assignments. 
On the other hand, it is difficult to imagine that frequent math homework caused a delay in math 
curricular, which brought the provision of additional math lesson.17 
 
                                            
17 The correlation between the provision of additional math classes and homework assignments might 
attenuate the impact of the mediator on student math learning outcomes. To check the robustness of the 
impact of the provision of additional math class on student learning outcomes, I included the other two 
mediators in the control variable to estimate the coefficient of the provision of math class in equation (6-2). 
The coefficient remained at almost same level. Without controlling the other two mediators, the coefficient 
of the provision of additional math classes in equation (6-2) was 0.139 (standard error: 0.062; p-value: 0.02). 
After including the other two mediations in equation (6-2), the coefficient of the provision of additional 
math classes is 0.131 (standard error: 0.061; p-value: 0.03). The other two mediators are checked in the 




(1) Mechanism of the additional components in the ESMATE program  
While the results of causal mediation analysis suggests that the provision of additional math class 
is the mediator for the improvement of math learning, the mediator can be a proxy for the shift of 
teacher attention during math lessons towards students with lower math achievement. At the inter-
semestrial meetings, teachers in the treatment group checked the percentage of students in their 
classes who received low scores on the diagnostic test. The process might enable them to better 
understand the status of math learning among their students, and strengthen their supports in math 
lessons. The primary objective of the additional classes was catching up following the delay in 
the curriculum. When teachers focused on students with low academic achievement in daily math 
lessons, it might have caused a delay in teaching plans.  
The average causal mediation effect accounted only for 15.8 percent of the total impact 
of the additional components. One of the possible reasons for this is the technical limit on lesson 
observations in the survey. At the end-line survey, surveyors counted the length of student 
engaged time during a lesson when half of students in the class were either solving a math problem, 
referring to their notebook or textbook, or consulting with each other. But the student engaged 
time surveyed might not have captured well the quality of teaching including the shift of teacher 
attention to those with lower math achievement. 
 
(2) Future challenges for the ESMATE program 
While the additional components in the ESMATE program improved math learning in year 1, this 
study demonstrates several challenges for further improvement of the program. First, the 
additional component did not work to improve learning in geometry. The result is in line with the 
other research on a different structured pedagogy program in Costa Rica. In this case, Berlinski 
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and Busso (2017) investigated the impact of a structured pedagogy program in mathematics at the 
lower secondary level. The program included a set of teacher manuals and student workbooks, 
and teacher training aimed at changing teaching practices to improve student math learning in 
geometry. While teachers and students utilized the distributed materials, the students in the control 
group obtained higher test scores than the treatment group.  
The additional components in the ESMATE program included the initial on-site support 
for school principals in math lesson observation, but this did not impact the frequency of lesson 
observations or suggestions from school principals. Classroom observation feedback and expert 
coaching can improve language and math through changing the practices of teachers (Bruns et al. 
2018). The background and reasons behind null impact on the lesson observations by school 
principals is worth further research to improve the effectiveness of the ESMATE program. 
Third, the accumulated impact of the first-year interventions in the following year is 
estimated at nearly zero and not statistically significant. At the end of grade 7, most students in 
both groups had difficulty solving simple equation problem like “solve the equation, 2x=8” (the 
correct response rates: 17.8 percent in the treatment group, and 14.3 percent in the control group). 
Since math content in grade 8 involve equations, the low-level understanding of linear equations 
in the grade 7 hampered student math learning in the following year. In the follow-up survey, the 
correct response rates to simple simultaneous equations were less than 10 percent in both groups. 
The root cause of the struggle can be found in the initial learning level in grade 7. At the beginning 
of 7th grade, 62 percent of the students in the treatment group correctly responded to the item 
“answer the number in ⃞ of equation, 2×⃞=8”. While the structure of the item looks similar to 
the simple equation item above, the correct response rate to the latter was significantly lower. The 
result indicates that students in grade 7 had difficulty bridging math learning from the primary to 




While recent debates on educational development focus on the learning crisis in primary 
education, the crisis in the lower secondary education level is equally profound. Through lesson 
observations in several countries in Latin America, Bruns and Luque (2015) argued that poor 
student learning results could be directly linked to the failure of teachers to keep students engaged 
in learning. One of the approaches to improve student learning is the structured pedagogy program 
that combines different types of interventions with the provision of teaching and learning 
materials. A structured pedagogy program in mathematics, the ESMATE program, was developed 
by the ministry of education in El Salvador with technical cooperation from JICA. While the 
ministry scaled up the ESMATE program nationwide in the lower secondary education level in 
2018, the ministry could not offer some parts of the program because of budget constraints.  
This study investigated the impact of the additional components on student math learning 
through a randomized controlled trial. The average one-year impact of the additional components 
in the ESMATE program is estimated at around 0.18 standard deviations of test scores. While the 
additional components improved math learning for students with lower and medium household 
economic status, they did not have the impact on students with higher household economic status. 
The mechanism of the additional components was then studied using causal mediation analysis, 
taking three mediators; student engaged time in math learning during a lesson; the frequency of 
homework assignments, and the provision of additional math classes when the curriculum delayed. 
Among the three mediators, the average causal mediation effect of the provision of additional 
math classes is positive and statistically significant. Since the provision of additional math classes 
can be a proxy for the shift of attention of teachers in math lessons, the results should be 
interpreted with a caution. 
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At the second year, both groups received the ESMATE textbooks, teachers’ guidebooks, 
and student math workbooks. The accumulated impact of the first-year intervention in the 
following year is estimated at nearly zero and not statistically significant. At the end of grade 7, 
most students in both groups had difficulty solving simple equation problems. Since math content 
in grade 8 often involve equations, the low-level understanding of linear equations in grade 7 
hampered progress in learning in the following year. The root cause of the low achievement level 
is found in the beginning of the lower secondary education. Students entered lower secondary 
education without the foundations of mathematics, and then they struggled with math content as 
it becomes more theoretical and advanced. To improve math learning in lower secondary 
education, it is essential to increase support for students to catch up on foundational math concepts 
and to transition smoothly in math learning from the primary to the lower secondary level, at the 
early stage in the lower secondary education.  
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Table A-1: Composition of math test (baseline) 
Item 
No. 




1 To add two-digit numbers with carrying to the position of tens NO Knowing 
2 To subtract a two-digit number from a two-digit number with borrowing 
from the position of tens  
NO Knowing 
3 To find the product of three 2’s NO Knowing 
4 To operate division of three-digit number by three-digit number without 
remainder 
NO Knowing 
5 To operate multiplication and division of one-digit numbers successively NR Knowing 
6 To subtract a number with one decimal place from a number of the same 
type without borrowing  
NO Knowing 
7 To operate division without residue of numbers with one decimal place NO Knowing 
8 To add two proper fractions with the same denominator without reduction NO Knowing 
9 To find the product of two proper fractions without reduction NO Knowing 
10 To find the quotient of two proper fractions without reduction NO Knowing 
11 To find the least number which can be divided without remainder both by 
4 and by 6 
NO Knowing 
12 To find the number which gives 3 when subtracting it from 7 (the item is 
presented in the form of equation representing the unknown number by 
□) 
NR Applying 
13 To find the number which gives 8 when multiplying 2 by that number (the 
item is presented in the form of equation representing the unknown 
number by □) 
NR Applying 
14 To find how many times 4 is 8 (the unknown number is represented by 
□) 
NR Knowing 
15 To find the unknown number in the table which shows the relation 
between the quantity of the same goods and their total price  
NR Knowing 
16 To find the unknown number in the table which shows the relation 
between the quantity of workers and the quantity of days which is needed 
to finish the same work 
NR Applying 
17 To draw the development view of a die (an illustration of cutting it is 
attached) 
G Reasoning 
18 To complete the figure which shows the left-hand side of a symmetric 
form 
G Knowing 
19 To find the area of a rectangle from the length of its base and height QM Knowing 




Note: Test items are developed in this research. NO: Number and Operation; QM: Quantity and 




Table A-2: Composition of math test (End-line) 
Item 
No. 




1 To write a negative number which corresponds to a point in the number 
line 
NE Knowing 
2 To add a one-digit negative number and a one-digit positive number (the 
answer is positive) 
NE Knowing 
3 To subtract a one-digit negative number from a one-digit positive number 
(the answer is a two-digit number)  
NE Knowing 
4 To multiply a one-digit positive number by a one-digit negative number 
(the answer is a one-digit number)  
NE Knowing 
5 To divide a one-digit negative number by a one-digit negative number NE Knowing 
6 To find the greatest common divisor of three integers NE Knowing 
7 To find the expression of the sum of two numbers, one of which is 
represented by the letter 𝑥𝑥 
NE Knowing 
8 To add two polynomials of degree one in one variable NE Knowing 
9 To find the value of a polynomial of degree one in one variable when the 
variable is substituted by a number  
NE Knowing 
10 To solve an equation of the first degree (by transposition) NE Knowing 
11 To solve an equation of the first degree (by dividing both sides by the 
coefficient of the variable) 
NE Knowing 
12 To solve an equation of the first degree (by transposition and division) NE Knowing 
13 To find the unit price from the sum of the money, the number of units and 
the change 
NE Knowing 
14 To fill a blank in the table which shows the relation between the number of 
units and the total price knowing the unit price 
F Knowing 
15 To fill a blank in the table which shows the relation between the length of 
base and height of rectangles of the same area 
F Knowing 
16 Given the graph of proportion, to find the coefficient of the variable in the 
equation 
F Applying 
17 To find the total number knowing the proportion and the number of one 
part in a pie chart  
S Applying 
18 To draw a figure which is symmetric to a given triangle with respect to a 
line  
G Knowing 
19 When two circles have two points in common, to find the angle formed by 
the line which connects the centers and the line which connects the 
common points 
G Reasoning 
20 To find the number of the lateral face of a prism whose base is rectangle G Knowing 
Note: Test items are developed in this research. NE: Number and Expression; F: Function; G: 
Geometry; S: Statistics 
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1 To subtract a one-digit negative number from a one-digit positive number (the answer is 
two-digit number)  
NE Knowing 
2 To add two polynomials of degree one in one variable NE Knowing 
3 To find the value of a polynomial of degree one in one variable when the variable is 
substituted by a number  
NE Knowing 
4 To solve an equation of the first degree (by transposition and division) NE Knowing 
5 Given the graph of proportion, to find the coefficient of the variable in the equation F Applying 
6 To arrange the terms of a polynomial in one variable according to their degree NE Knowing 
7 To multiply two monomials NE Knowing 
8 To add two polynomials of degree one in two variables NE Knowing 
9 To solve a system of equations of the first degree in two variables NE Knowing 
10 To solve a written problem in which two unknown numbers appear NE Knowing 
11 To find the values of two constants so that two systems of equations of the first degree in 
two variables have the same solution 
NE Applying 
12 To find the 𝑦𝑦-intercept of the graph of a function of the first degree F Knowing 
13 To fill the table which represents some values of variables of a function of the first degree F Knowing 
14 To find the rate of change of a function of the first degree from a table of the values of 
their variables  
F Knowing 
15 Given the values of two pairs of variables and one variable of the third pair of a function 
of the first degree, to find the value of another variable of the third pair (the function 
represents the relation between the height of water and the time)  
F Knowing 
16 To find the equation of the function of the first degree whose graph is symmetric to the 
graph of the given function with respect to the abscissa  
F Reasoning 
17 To find the value of the corresponding angle to the given one formed by two parallel lines 
and a transversal 
G Knowing 
18 To find the applicable condition for congruence of given triangles G Knowing 
19 To find the length of one side of a parallelogram when the length of two consecutive sides 
are given 
G Knowing 
20 To find the measure of an internal angle of a parallelogram when the measure of its 
opposite angle is given 
G Knowing 
21 To find the measure of an angle formed by a diagonal and one side of a rectangle when the 
measure of an angle formed by its diagonals is given 
G Applying 
22 To find the name of a solid generated by a right-angled triangle when it is rotated on one 
of its catheti 
G Knowing 
23 To find the volume of a pyramid whose base is square from the length of the side of its 
base and its height 
G Knowing 
24 To find the number of rods of a certain range of length from a frequency distribution table S Knowing 
25 To find the midpoint of the modal class of a frequency distribution table  S Knowing 
 
Note: (1) Test items are developed in this research. NO: Number and Expression; F: Function; G: Geometry;  
S: Statistics. (2) No. 1 through 5 are the same items from the end-line survey.
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 Appendix B 
 
Principal component analysis of the different types of student household assets 
 
The baseline survey collected information on the following different types of student household 
assets through student interviews: (a) smartphone; (b) computer; (c) refrigerator; (d) car; (e) television; (f) 
access to tap water; and (g) flush toilet. In addition, the survey also collected information on the access to 
electricity and the use of wood for cooking. The data on student household assets consists of dummy 
variables which take the value of 1 in the case that the student household possess each category of asset 
that contributes to the wealth of a household. In case of the cooking fuel, as the use of wood is an indicator 
of the lack of wealth (more wealthy households use gas or electricity for cooking), the non-use of woods in 
cooking takes the dummy variable representing the asset. A composite index of student household 
economic status was computed by the principal component analysis.18 The statistics of first principal 
component is presented in Table B-1. The first principal component accounts for 25.4 percent of the 
variances, and all nine asset types have positive loading coefficients, indicating that they contribute to 
household wealth. 
 
Table B-1: Statistics of first principal component 
 
 Coefficient Correlation with the first 
principal component 
Smartphone 0.238 0.360 
Computer 0.390 0.590 
Refrigerator 0.402 0.608 
Car 0.361 0.546 
Television 0.348 0.526 
Access to tap water 0.268 0.405 
Electricity 0.320 0.484 
Flush toilet 0.340 0.513 
Non-use of wood in cooking 0.296 0.447 
Note: Data Source is the baseline survey of this research. 
                                            
18 For Figure 1-1 and 1-2 in the paper, the student household economic status index was computed with the baseline 
sample. For the analysis of heterogeneous impacts in section 3. (2) in the paper, the index was computed with the 
sample of students who were present both at the baseline and end-line surveys. In this appendix, the statistics of the 




Then, Figure B-1 presents the density curves of the first principal component. Based upon the 
distribution of the first principal component, the whole sample of students is divided into three groups: 
lower; medium; and higher household economic status. The dashed lines in Figure B-1 show the threshold 
values in the first principal component for the groupings. The students with lower household economic 
status represent around 22 percent respectively in the treatment and control groups. The students with 
medium household economic status represent around 56 percent in the two groups. The students with higher 
household economic status represent around 22 percent in the two groups. 
 
Figure B-1: Density curves of the first principal component 
Note: Data Source is the baseline survey of this research. 
 
 Table B-2 shows characteristics of each household economic status. From lower to higher 
household economic status, the possession rates of different type of household assets increased. The 










Table B-2: Possession rates of different types of household assets 
by household economic status 
 
Item Treatment group Control group Difference p value
Smartphone 64.6 63.7 0.9 0.844
Computer 2.9 2.6 0.3 0.817
Refrigerator 48.7 44.6 4.1 0.392
Car 2.9 3.9 -1.0 0.428
Television 74.3 75.0 -0.7 0.852
Access to tap water 49.2 54.6 -5.4 0.342
Access to electricity 85.5 83.0 2.5 0.441
Flush toilet 20.7 21.6 -0.9 0.783
Non-use of wood in cooking 12.4 12.6 -0.2 0.926
Number of students 421 388
Smartphone 90.8 89.4 1.4 0.584
Computer 20.3 21.2 -0.9 0.535
Refrigerator 94.8 94.1 0.7 0.516
Car 24 23.1 0.9 0.335
Television 99.2 99.2 0 0.696
Access to tap water 82.8 84.8 -2 0.613
Access to electricity 99.8 99.8 0 0.529
Flush toilet 53.2 57.5 -4.3 0.191
Non-use of wood in cooking 36.5 36.0 0.5 0.896
Number of students 1,038 984
Smartphone 98.8 97.9 0.9 0.335
Computer 88.4 85.1 3.3 0.157
Refrigerator 100 100 0 1.000
Car 78.3 80.3 -2.0 0.584
Television 100 100 0 1.000
Access to tap water 97.6 98.4 -0.8 0.492
Access to electricity 100 100 0 1.000
Flush toilet 89.9 94.7 -4.8 0.104
Non-use of wood in cooking 80.4 77.1 3.3 0.443
Number of students 414 375
Lower household economic status (average possession rate %)
Medium household economic status (average possession rate %)
higher household economic status (average possession rate %)
 
 
Note: Data Source is the baseline survey of this research. The p-values show the results of the chi-squares test with 





Table C: Attrition analysis 







(Intercept) -0.568***  -0.576***  
  (0.084)  (0.093)  
Treatment  -0.013 -0.013 -0.033 -0.034 
  (0.020) (0.021) (0.022) (0.024) 
Z score baseline -0.030*** -0.032*** -0.044*** -0.047*** 
  (0.006) (0.007) (0.007) (0.008) 
Age 0.054*** 0.042*** 0.068*** 0.070*** 
  (0.006) (0.005) (0.007) (0.008) 
Sex (Male=1) 0.022** 0.023** 0.029** 0.031** 
  (0.011) (0.011) (0.013) (0.014) 
N. of elder brother/sister 0.000 0.000 -0.000 -0.000 
  (0.003) (0.003) (0.003) (0.003) 
N. of younger brother/sister 0.015*** 0.013*** 0.009* 0.009* 
  (0.005) (0.004) (0.005) (0.005) 
Shift (Morning=1) 0.001 0.001 -0.031 -0.032 
  (0.026) (0.024) (0.031) (0.032) 
Repeated in 2017 0.089*** 0.080*** 0.076*** 0.065*** 
  (0.020) (0.019) (0.021) (0.022) 
N. of asset types -0.009* -0.009* -0.007 -0.008 
  (0.005) (0.005) (0.006) (0.006) 
La Union 0.073** 0.085* 0.069* 0.075* 
  (0.037) (0.045) (0.039) (0.042) 
San Miguel 0.098*** 0.101*** 0.025 0.028 
  (0.037) (0.039) (0.038) (0.039) 
San Vicente 0.073** 0.077** -0.004 -0.002 
  (0.028) (0.032) (0.031) (0.032) 
Urban 0.013 0.006 0.025 0.028 
  (0.040) (0.050) (0.056) (0.061) 
La Union×Urban -0.041 -0.029 -0.078 -0.075 
  (0.052) (0.053) (0.067) (0.060) 
San Miguel×Urban -0.075 -0.060 -0.021 -0.023 
  (0.052) (0.048) (0.062) (0.064) 
San Vicente×Urban -0.049 -0.040 -0.049 -0.057 
  (0.048) (0.050) (0.057) (0.058) 
Adj. R2 0.087  0.085  
Num. obs. 4,513 4,513 4,513 4,513 
F statistic 19.973  26.376  
N. Clusters 237  237  
Log Likelihood  -2,056.072  -2,572.858 
Deviance  4,112.144  5,145.715 
***p < 0.01; **p < 0.05; *p < 0.1 
(1) Data source is the baseline survey of this research. 
(2) Dependent variable is a dummy that takes 1 for students who were absent respectively at the end - line or 
follow-up survey. Robust standard errors are clustered at the school level, and are in parenthesis.  
(3) Coefficients of the logit regression show marginal effects.  
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                                              Appendix D 
Analysis of the impacts of the additional components in the ESMATE program  
on teaching practices in year 1 
 
Several possible intermediate outcomes on the one-year impact of the additional components were 
reviewed, taking teaching practices in math class, the provision of additional math class, the 
frequency of homework assignments, and the frequency of lesson observations and suggestions 
by school principals. 
 
1. Teaching practices in math class 
This research conducted math lesson observations at the end-line survey, which measured the 
length of time when students engaged in math learning. Surveyors counted the length of time in 
a lesson when half of students in a class were solving math problems, referring to their notebook 
or textbook, or consulting with each other. The percentage of the engaged time in a lesson in the 
treatment group was slightly longer than the control group (22.4 percent in the treatment group, 
and 18.9 percent in the control group). The percentage of engaged time is regressed on the 
treatment assignment, characteristics of teachers and schools, strata fixed effects constructed by 
department and urban status. The estimated impact is around 5 percent point (standard error: 2.3 
percent point), which is statistically significant at the 5 percent level. Since the standard length of 
a lesson is 45 minutes, the difference is equivalent to around 2 to 3 minutes. 
The lesson observation also checked the following instructional routine of teachers in 
math class: (a) teacher posed math problem; (b) teacher checked student notebooks; (c) teacher 
walked around the classroom to check notebooks; (d) teacher advised students to consult with 
each other; (e) teacher told students to check their answers; (f) teacher instructed students to try 
incorrect problems again; and (g) teacher assigned homework. The surveyor noted those points 
according to the speech and/or behavior of teachers. The results were similar in the treatment and 
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the control groups except the point (f) above. A larger percentage of teachers in the treatment 
group instructed students to try again if they answered a question incorrectly than in the control 
group (74.6 percent in the treatment group, and 63.2 percent in the control group). The dummy 
variable of instructional routine (a) to (f) is regressed respectively on the treatment assignment, 
characteristics of teachers and schools, and strata fixed effects. Only the regression result on point 
(f) is statistically significant. The estimated impact is 13.1 percent point (standard error: 7.1 
percent point), which is statistically significant at the 10 percent level. 
 
2. Provision of additional math class when curriculum was delayed 
At the beginning of school year, teachers in the treatment group developed an annual math 
teaching plan, and regularly reviewed it at their periodical meeting of teachers. The annual math 
teaching plan is a simple one-page format with a year-long calendar that defines which page of 
textbook is to be taught on which day. During inter-semestrial review meetings of teachers, they 
checked their progress, and revised plans considering the remaining number of lessons in the 
school year. The process might facilitate teachers to identify any delays in their teaching plan and 
provide additional math classes. The percentage of teachers who provided additional math classes 
was larger in the treatment group than in the control group (52.5 percent in the treatment group, 
and 37.7 percent in the control group). 
The survey asked teachers whether they provide additional math classes when the 
curriculum was delayed (Yes: 1; No: 0). The dummy is regressed on the treatment assignment 
and characteristics of students, teachers and schools, and strata fixed effects. The estimated impact 
is 20.9 percentage point (standard error: 7.6 percent point), which is statistically significant at the 
1 percent level. 
 
3. Frequency of homework assignments 
Since the math workbook was designed to correspond to the contents of the ESMATE textbook, 
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teachers can use it to assign homework for students. Then, the distribution of math workbooks 
might have increased the frequency of homework assignment. The percentage of teachers who 
assigned math homework four or more times in a week was larger in the treatment group (69.5 
percent) than the control group (52.6 percent). The survey asked teachers about the frequency of 
homework assignment in a week by the following four levels (1: Never; 2: Once a week or less; 
3: Two or three times a week; and 4: Four or more times a week). The variable is regressed on 
the treatment assignment and characteristics of teachers and schools and strata fixed effects. The 
estimated impact is 0.41 level (standard error: 0.096), which is statistically significant at the 1 
percent level.  
The survey also asked students about the daily duration of study at home using the 
following five levels (1: Never; 2: Less than 15 minutes; 3: Between 15 to 30 minutes; 4: Between 
30 minutes and 1 hour; and 5: More than one hour). The variable is regressed on the treatment 
assignment and characteristics of students, teachers, and schools, and strata fixed effects. The 
estimated impact is nearly zero, and not statistically significant. 
 
4. Lesson observations and suggestions from school principal to teachers  
The additional components in the ESMATE program for the treatment group include initial on-
site advice for school principals, which intended to increase the frequency of their lesson 
observations and suggestions for teachers. The survey conducted interviews with teachers about 
math teaching and support received by the school principal. There was no difference between the 
two groups in the support by school principal, i.e., frequencies of lesson observations and 
suggestions provided during those observations. 
At the end-line survey, teachers reported on the frequency of math lesson observations 
and suggestions by school principal using the following five levels (1: Never; 2: Once in a year; 
3: Twice in a year; 4: More than three times in a year but less than once in a month; 5: More than 
once a month). The frequency of math lesson observations and suggestions is regressed on the 
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treatment assignment, characteristics of students, teachers and schools, and strata fixed effects. 
Both the estimated impact in the frequency of lesson observations and suggestions are around 





Sensitivity analysis plots 
 
Figure E-1: Plot of sensitivity analysis on the average causal mediation effect  
of the provision of additional math class for the treatment group 
 
Note: (1) The solid line represents the estimated average causal mediation effect for the given 
mediator and for different values of ρ, while the shaded area represents the 95 percent confidence 
interval. The dashed line represents the estimated level of average causal mediation effect when ρ 
=0. (2) The value of ρ for which the average causal mediation effect becomes zero is 0.10. (3) Data 
source is the baseline and end-line surveys. 
 
 
Figure E-2: Plot of the sensitivity analysis on the average causal mediation effect  
of the frequency of homework assignment for the control group 
 
Note: (1) The solid line represents the estimated average causal mediation effect for the given 
mediator and for different values of ρ, while the shaded area represents the 95 percent confidence 
interval. The dashed line represents the estimated level of average causal mediation effect when ρ 
=0. (2) The value of ρ for which the average causal mediation effect becomes zero is 0.10. (3) Data 




Figure E-3-1: Scatter plot of residuals in (6-1) and residuals in (6-2) 
in the causal mediation analysis of the provision of additional math class 
 
Note: Data source is the baseline and end-line surveys. 
 
Figure E-3-2: Scatter plot of residuals in (6-1) and residuals in (6-2) 
in the causal mediation analysis of the frequency of homework assignments 
 




Figure E-3-3: Scatter plot of residuals in (6-1) and residuals in (6-2) 
in the causal mediation analysis of the percentage of engaged time in math lessons 
 
Note: Data source is the baseline and end-line surveys. 
 
Figure E-3-4: Scatter plot of residuals in (6-1) and residuals in (6-3) 
in the causal mediation analysis of the provision of additional math class 
 






Figure E-3-5: Scatter plot of residuals in (6-1) and residuals in (6-2) 
in the causal mediation analysis of the frequency of homework assignment 
 
Note: Data source is the baseline and end-line surveys. 
 
Figure E-3-6: Scatter plot of residuals in (6-1) and residuals in (6-3) 
in the causal mediation analysis of the percentage of engaged time in math lessons 
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